We conducted a 2-phase systematic review of the literature to examine the nature and outcomes of health research using a community-based participatory research (CBPR) approach with AI communities to assess both the value and the impact of CBPR, identify gaps in knowledge, and guide recommendations for AI research agendas. Using PRISMA guidelines, we searched the peer-reviewed literature published from 1995 to 2016 and identified and reviewed 42 unique intervention studies. We identified and catalogued key study characteristics, and using the Reliability-Tested Guidelines for Assessing Participatory Research Projects, we quantified adherence to participatory research principles across its four domains. Finally, we examined any association between community participation score and health outcomes. The majority of studies (76.7%) used an observational study design with diabetes, cancer, substance abuse, and tobacco being the most common topics. Half of the articles reported an increase in knowledge as the primary outcome. Our findings suggest that a CBPR orientation yields improved community outcomes. However, we could not conclude that community participation was directly associated with an improvement in health outcomes.
Introduction
Community-based participatory research (CBPR) is a partnership approach to research that equitably involves both researchers and community members in all aspects of the research process (1) . An alternative to traditional research, CBPR has the added benefit of increasing community capacity, progressing knowledge transfer between partners, and facilitating the realworld translation of research into practice within a community context (2) (3) (4) (5) (6) (7) (8) .
As CBPR has "moved from the margins to the mainstream" of research, the use of this orientation in health research with American Indians (AI) has increased as well. Indeed, the principles of CBPR, such as promoting colearning and achieving a balance between research and action (9) (10) (11) (12) (13) , in many ways mirror those set forth by AI communities (14) . A number of tribal nations have developed their own Institutional Review Boards (IRBs), and federal funding agencies have increasingly called for a CBPR orientation when conducting research with AI peoples, as noted in 1 recent funding announcement from the NIH, "Interventions for Health Promotion and Disease Prevention in Native American Populations" (PAR 11-346; PAR 14-260) that specifically called for and cited the importance of a CBPR approach when working with sovereign tribal nations.
Several systematic reviews document the value of a CBPR orientation (15) (16) (17) (18) (19) . One of the most comprehensive reviews conducted by Viswathan et al. (2004) found that the use of a CBPR orientation was associated with improved research quality and improved community research capacity, but there was insufficient evidence to conclude if a CBPR approach was associated with improved health outcomes or cost savings. Although the Viswathan et al. review (16) and others included studies conducted with indigenous populations, these reviews did not examine unique circumstances that exist in sovereign tribal nations. For example, the diverse research protocols in place across more than 550 federally recognized tribal nations in the United States often weigh the risks and benefits of proposed research on tribal lands and with tribal community members in the context of tribal culture and community. Some tribes may require ownership of all data collected and often mandate tribal review and approval of all publications, differentiating research conducted with citizens of sovereign tribal nations from research with other racial or ethnic groups.
Though the number of articles published citing a CBPR approach to health research with tribal communities has increased dramatically over the last 2 decades, to our knowledge, no comprehensive review examining the nature and outcomes of CBPR with tribal communities has been published (14) . A synthesis of the current literature is needed to better understand how researchers are implementing CBPR. This can be useful for not only advancing the science of CBPR processes, but ultimately the implementation of health-related interventions that better address root determinants of AI health inequities, such as nutrition, healthy food access, and food sovereignty. Thus, this systematic review aimed to comprehensively identify and describe studies using a CBPR approach to health research with indigenous communities in the US. Then, using the Reliability-Tested Guidelines for Assessing Participatory Research Projects (17), we quantified community participation across 4 domains ( Table 1) and assessed if a higher community participation score was associated with improved health outcomes.
Methods

Search and sampling strategy
We searched PubMed, MEDLINE, and Ovid databases for peerreviewed articles that were written in English, published in peerreviewed journals between January 1995 and February 2016, and reported on public health interventions or programs that used a CBPR orientation in partnership with an AI community in the US. As such, we only included articles with tribal communities residing in an Indian Health Service (HIS) Region, a common way to categorize AI population or community data (18) . We included the following keywords or phrases: American Indian OR Native American AND community-based participatory research OR CBPR OR PAR OR participatory research OR community-driven research OR action science. This preliminary search yielded 90 articles. Of these 90 articles, we excluded 26 articles that were literature reviews or commentaries and did not describe or discuss a specific intervention study or program with outcomes. We excluded 3 articles that reported duplicate methods (i.e., we already had included publications from these studies that described their CBPR orientation). Lastly, we excluded 18 articles that were conducted outside the US or with First Nations communities. Thus, our total sample included 42 unduplicated articles (Figure 1) .
Identification of key study characteristics
We then identified key characteristics for each of the 42 articles within our study (Table 2) . First, we identified the author and year each study was published. Next, we assessed the study location, which we categorized by Indian Health Service (IHS) Regions. Then, we summarized the topic of each study by disease category (e.g., cancer, diabetes), identified the research design, and summarized any outcomes listed in the reviewed articles. We also assessed the total number of research participants for each study. Then, we identified the funding source for each study. In terms of authorship, we examined whether each article listed a community partner as a coauthor and used a positive determination (i.e., a community coauthored the article) as an indicator of community participation. Lastly, we reviewed whether tribal IRBs or the equivalent bodies (e.g., a community research committee or a regional IHS IRB) had reviewed and approved the study and its publication. We used a positive determination as an indicator for research capacity.
Assessment of community participation
We used the Reliability-Tested Guidelines for Assessing Participatory Research Projects developed by Mercer et al. in 1998 and updated in 2008 (17) to assess community participation. These guidelines, created in response to the growing interest in CBPR and the need to assist funding agencies in assessing the participatory nature of proposals that included a CBPR orientation, are regularly used by funding agencies to assess the degree of participation in studies using a CBPR orientation. They are also used to aid evaluators in assessing the extent to which projects meet participatory research criteria and to assist researchers and community partners in strengthening the participatory nature of their project proposals and funding applications (17) . For the purposes of this article, we used the guidelines to assess the documented participation presented in each article and to evaluate how strongly each article adhered to the participatory research criteria presented in the guidelines.
The guidelines outline 4 key domains: 1) Participants and the Nature of Their Involvement; 2) Shaping the Purpose and Scope of the Research; 3) Research Implementation and Context; and 4) Nature of the Research Outcomes (17) . Each of the 4 domains includes key measures to assess participation (Table 1) . For example, Domain 1 assesses community representation and participation, trust, and management; Domain 2 assesses the development of research questions, application of community knowledge, determinants of community health, and community capacity planning; Domain 3 assesses mutual learning, decision-making, and participation in planning and analysis; and Domain 4 assesses commitment to action, project ownership, and dissemination. In total, the 4 domains assess 25 items that are rated on a 3-point scale with 1 indicating insufficient information to determine whether a guideline has been addressed at all, 2 indicating information is insufficient to determine whether a guideline has been addressed adequately, and 3 indicating that information is sufficient to determine that the guideline has been addressed adequately (17) . Therefore, a study scoring the highest for each of the domains would receive a total score of 75.
As tribal communities are unique from many other communities in several ways such as having their own governments, their own unique health systems, and, sometimes, their own IRBs, the language of the guidelines had to be adapted to fit more closely with the sovereignty of tribal nations. For example, several of the items reference intended users with regard to project management or oversight. In tribal communities, projects may be overseen by IHS administrators, tribal IRBs, tribal councils, or tribal research committees. Therefore, item 1e-"Do the researchers and intended users participating in the research process 4f Does the proposed research project provide intended users with opportunity to participate in dissemination of project findings to other intended users and researchers (whether or not the intended users choose to take that opportunity)?
4g Is there sufficient provision for assistance to intended users to indicate a high probability of research results being applied?
4h Does the proposed research project plan for sustainability in relation to the purpose of the research (for example, by fostering collaboration between intended users and resource providers, funding sources, policymakers, holders of community assets, and the like)?
FIGURE 1 Flow diagram of search and sampling strategy. Reviewers initially identified 90 studies through targeted searches using PubMed, MEDLINE, and Ovid databases for peer-reviewed articles were written in English, published in peer-reviewed journals between January 1995 and February 2016, and reported on public health interventions or programs that used a CBPR orientation in partnership with an AI community in the US. Of the 90 articles, 26 articles that were literature reviews or commentaries and did not describe or discuss a specific intervention study or program with outcomes were excluded. Three articles that reported duplicate methods were excluded. Eighteen articles that were conducted outside the US or with First Nations communities were excluded. The total sample included 42 unduplicated articles. AI, American Indian; CBPR, community-based participatory research.
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CURRENT DEVELOPMENTS IN NUTRITION
RESULTS
Study characteristics
A summary for each of the articles reviewed is shown in Table 2 . Studies selected for review were published between 1995 and 2016.
IHS region.
We categorized study locations by using IHS regions, a common way to categorize AI/AN population or community data (18) . Five of the studies did not specify a region (11.9%), and only 1 study took place solely in the Alaska Region (2.4%) with an additional study recruiting participants in both the Alaska and the Northern Plains Region (2.4%).
Nearly one-third of the studies (28.5%) were conducted solely in the Northern Plains Region. The remaining studies were fairly equally distributed with nearly a fifth of the studies conducted solely in the Southwest Region (19.1%), 4 solely in the Eastern Region (9.5%), and similar numbers in the Pacific Coast Region (11.9%) and the Southern Plains Region (7.1%). An additional 3 studies recruited participants jointly in the Eastern and Southern Plains Regions (7.1%). Finally, a third of the studies took place solely on a reservation (33.3%), a fifth only in rural areas (20.9%), half solely in urban settings (9.5%), and over a fifth in a combination of settings (21.4%). Four studies did not specify a setting (9.5%).
Study topic.
Although a wide variety of topics were examined among the 42 articles, diabetes, cancer, substance abuse, and tobacco use were most common. Over a quarter of the reviewed studies were reports of cancer studies or interventions (28.5%). An additional fifth (21.4%) of the studies addressed tobacco, alcohol, or drug use; and, finally, 4 articles reported on diabetes research (9.5%).
Research design.
Study research designs were categorized as curriculum development, experimental, or observational. The vast majority of studies reported an observational design (76.7%; n = 33) whereas only 2 studies reported an experimental design (4.7%). The remaining 9 studies (20.9%) involved curriculum development or adaptation.
Outcomes.
Almost half of the studies (47.6%) reported an increase in knowledge of study participants with an additional fifth (19%) reporting increased community capacity. One-third of the studies (33.3%) reported deliverable outcomes. Examples of deliverable outcomes from the studies included the creation or cultural tailoring of tools or curricula or a positive environmental change. Finally, 5 of the studies (11.9%) reported an increase in screening rates.
Research participants.
Nearly a quarter of the studies reported on interventions in which youth either were the study population or participated in the research (23.8%), 7 recruited only females (16.7%), and 3 targeted only AI college students (7.1%). 
Authorship.
Fifteen of the articles (35.7%) identified a tribal partner member as a coauthor. The remaining 27 articles (64.3%) were not coauthored by tribal partners; however, tribal partners were almost always acknowledged.
Tribal IRB or equivalent.
Nearly three-quarters of the studies (73.8%) reported having approval from a Tribal IRB or IHS IRB, or similar governing body (e.g., tribal council, tribal chief, etc.). The remaining studies either had approval from only a university IRB (19.0%) or made no mention of IRB approval in the article (7.1%).
Assessment of participatory research
Only 4 of the 42 studies assessed received a perfect score of 3 for each of the 25 questions (9.5%), indicating complete adherence to all guidelines. Likewise, only 2 of the 42 studies scored excessively low (i.e., lower than 2 for each of the 25 questions). The mean score of the studies assessed was 2.7 (SD = 0.32). Over one-third of the articles (35.7%) assessed scored below the mean. Because the scores were not normally distributed, the median was calculated and reported to be 2.8. Table 3 illustrates the frequencies and percentages for the 25 items that comprise each of the 4 domains for the studies reviewed.
Domain 1: Participants and the Nature of Their Involvement.
The first domain, "Participants and the Nature of Their Involvement," consists of 5 items that assess community participation, particularly in the formative steps of the research process (e.g., Have community members been adequately described in the article? Have community needs been considered? Have barriers to participation been addressed? etc.). Overall, the studies assessed were more likely to receive perfect scores for each item in Domain 1, compared to the other 3 domains. The majority of all studies fully described the intended users (92.9%), fully considered their needs (95.2%), and had either a formal or informal agreement regarding management of the project (95.2%). Similarly, the majority (88.1%) of the studies assessed provided specific means to building trust among intended users. Addressing barriers was the least addressed item in Domain 1; however, over three-quarters (76.2%) of studies still managed to completely address barriers to participating in research among intended users. as considerations for broader community health impacts (e.g., Has the project provided mutual learning opportunities? Have multiple levels of health determinants been addressed? Has capacity been built to address these broader determinants?). For Domain 2, most of the studies reported applying the unique knowledge of the community (88.1%) with nearly all remaining studies (9.5%) at least partially applying community knowledge to the conceptualization of the research. Almost three-quarters of the studies (73.8%) reported making provisions to build the capacity of the intended users with an additional one-fifth (21.4%) reporting moderate plans to build capacity. However, over a quarter (26.1%) of the studies reported that the research question for the study was developed entirely by the researchers with no input from the intended users. Likewise, several of the studies assessed (n = 10) considered only 1 layer of the ecological model of health (19) for their studies.
Domain 3: Research Implementation and Context.
The third domain, "Research Implementation and Context," consists of 7 items regarding community roles in the execution of research (e.g., Are community knowledge and experience applied in research implementation? Do community members have the opportunity to learn about research methods, data collection, analysis, and interpretation of results? etc.). Nearly a third of the studies (30.9%) received a 3 for all 7 questions in Domain 3, "Research Implementation and Context." Noticeably, though, some of the studies (26.2%) made no mention of any sort of agreement regarding mutual decision-making with the community members or leadership. These results show that over a quarter of the studies assessed made no mention of how differences of opinion between researchers and community stakeholders would be addressed. Conversely, nearly all (88.1%) studies reported using local knowledge and experience in the implementation of research. Interestingly, most of the studies (88.1%) reported that the academic researchers had substantial opportunity to learn about the perspectives of the community, whereas half (50.0%) of the studies reported that the community had substantial opportunity to learn about research. Almost all the studies (90.5%) reported a sufficient commitment to action from both researchers and the community, using the knowledge, skills, or attitudes gained from the research. Even more of the studies (92.9%) demonstrated a high probability of study results being applied in the community. Finally, nearly all the studies (88.1%) outlined plans for sustainability in relation to the purpose of their research.
Assessment of association between community participation and outcomes
The nature of reported outcomes varied among studies varied. Nearly half of the studies reported an increase in the knowledge of university and community partners about the topic they were studying (44.2%). Another outcome reported by many of the reviewed studies was an increased adherence to one or more of the 9 CBPR principles (9) . For example, many articles cited colearning, knowledge transfer, use of community resources, and the establishment of long-term partnerships as primary outcomes. Seven studies reported more concrete outcomes, such as the development of a curriculum or program based on community input; an additional 4 studies either developed or tailored an existing instrument to make the program more culturally appropriate to the community.
Although all articles reported some type of outcome for their study, of the one-third of reviewed studies (26.2%) that reported tangible outcomes (e.g., tools developed or tailored, environments changed, etc.) one-fifth (19.0%) scored higher than the median (2.8) for all articles assessed. Articles that scored higher than the median were more likely to report outcomes that related to the 9 CBPR principles; nearly all outcomes, regardless of score, reported some positive outcome. None of the articles reported a reduction in disease incidence; however, 5 articles reported an increase in disease screening rates.
Discussion
Even though our sampling strategy included search phrases other than CBPR, all articles assessed mentioned CBPR and its principles. Many of the articles reviewed specifically mentioned both academic and community preference for using a CBPR approach to research. Further, almost all articles presented detailed descriptions of their AI community partners and the specifics of their participation. Domain 1, "Participants and the Nature of Their Involvement," had the majority (n = 42) of studies assessed, scoring top marks for all 5 questions. Very few of the articles reviewed (n = 8) reported a failure to address an item for any question. Addressing barriers to participation among underrepresented members of the community in the research project was the most common area that studies failed to address sufficiently. The 2 most common reasons why these studies did not sufficiently address barriers was because some studies used a snowball or convenience sample, whereas others had a specific subgroup of the community in mind when conceptualizing the project and, therefore, did not make considerations for other members.
Although all the studies reported outcomes, only 11 were able to report tangible outcomes (e.g., creation or adaptation of a tool, curriculum, or program). For our third aim, we assessed if increased community participation is associated with improved health outcomes within AI communities.
Interestingly, only 2 studies reviewed used an experimental design or conducted a randomized control trial (RCT). RCTs require randomly assigning participants to different study conditions (e.g., intervention groups and control groups). RCTs have been labeled the gold standard of health research (20) ; however, as the findings of this review indicate, few RCTs use a CBPR methodology. In CBPR research, and particularly within AI communities, the most significant complicating factor in conducting RCTs is the ethical implications of withholding treatment. For example, in a small tribal community with a high prevalence of hypertension, it would be unethical to give only half of the hypertensive community members an antihypertensive drug; and, likely, community leaders would not approve such a design. The 2 studies reviewed that used an experimental design demonstrated that using RCTs in AI communities while using a CBPR methodology is not impossible. Using a CBPR methodology in RCTs, where applicable, is essential for AI populations because it ensures that studies shift from efficacious (i.e., working under highly controlled conditions) to effective (i.e., working in real-world settings) (21).
Mercer et al. (17) recommend that, for evaluating multiple projects, the guidelines should be used both quantitatively and qualitatively. They suggest that quantitative scores be used to identify a general picture of the participatory nature of a project and that the information gleaned should be accompanied by a qualitative write-up that highlights the participatory aspects of the proposal, identified by applying the guidelines. Given that the guidelines are regularly used in this way by funding agencies to assess the degree of participation and by evaluators to assess the extent to which projects meet participatory research criteria, we believe that the guidelines are an appropriate way to assess articles reporting a CBPR study with tribal communities. As the guidelines were not created specifically for tribal communities, however, future research should seek to tailor the language of the guidelines to be more tribal-specific.
Mercer et al.'s guidelines (17) are comparable to Wallerstein and Duran's CBPR Conceptual Model in that both attempt to assess the degree of community participation for projects. As the guidelines are presented in a checklist format, they were selected for use for this systematic review, as they were a simpler way for each reviewer to assess each article independently. However, the use of Wallerstein and Duran's (2010) model may have provided richer data, as their 4 "domains" consisted of interactive toolkits for each item as opposed to closed-ended questions. In addition, the CBPR Conceptual Model 
Limitations of this assessment
There were challenges in assessing each study for adherence to CBPR principles for several reasons. First, not all the information needed to assess adherence to CBPR principles could be gleaned from the articles as written. In these instances, the study received a score of 1, which was often defined as having insufficient information to assess. For example, a score of 1 could be due to word or page-length limitations of a manuscript, rather than the absence of particular elements in the CBPR process. In addition, publication bias, the nonpublication of studies with negative or null results (23, 24) , may have limited the published studies available for our review. In addition, to group studies by IHS region, we excluded non-US articles, thereby excluding First Nations communities as well as Native Hawaiian communities. Finally, because we used a set of guidelines that are not explicit in the definitions of low, medium, or high participation to rank each study, we essentially attempted to quantify qualitative measures. However, Mercer et al. suggested that the best way to use these guidelines when evaluating multiple articles is to use the guidelines both quantitatively and qualitatively. The quantitative ratings can identify a general picture of the participatory nature of a project by identifying how many guidelines overall and within each domain a project scored as most participatory (17) . The numbered score should then be interpreted in conjunction with an accompanying qualitative write-up that highlights weaknesses and strengths of specific participatory aspects of the proposal identified by applying the guidelines (17) .
Recommendations for future CBPR research in American Indian Communities
Based on the review of the current literature, there are several key areas that can be improved in future CBPR projects with AI communities. First, half of the articles assessed (50.0%) had research questions that were developed almost entirely by the researchers with little to no input from the AI communities. Seifer argued that, for capacity to be built, community-defined concerns should direct the trajectory of research. She also contended that refining a research question or confirming its validity with community partners adheres to the rigor needed to conduct effective community research (25) .
In addition, when publishing future studies, researchers should cite the development of an ownership agreement. Over half (54.8%) of the articles reviewed made no mention of a formal or informal agreement regarding data ownership or data sharing. Formal agreements regarding ownership and data sharing are usually outlined in a research protocol to a tribal IRB or the IRB of a government agency like IHS, whereas other agreements can come from tribal chiefs, tribal councils, or other community leadership.
Reviewing studies involving AI communities using an established tool to assess community participation yielded enlightening results. Using other CBPR assessment tools to understand AI community research could prove informative for future researchers. For example, The CBPR Conceptual Model (1, 22 ) is a widely used logic model that could easily be applied to the lens of AI research. Further, the use of reliability-tested guidelines to assess the adherence to CBPR principles raised many important questions about the nature of research in AI communities. Although all studies reviewed reported a CBPR methodology, there was a great deal of variance in adherence to all CBPR principles and reported processes among the reviewed studies.
Although this is not unique to CBPR with AI communities, improving understanding about differences in and adherence to CBPR principles and how their implementation impacts long-term engagement and CBPR interventions and outcomes among AIs and tribal nations is important for advancing health equity. Lessons learned in these areas are critical for further elucidating and reducing commonly cited barriers to effective CBPR such as mistrust, power inequities, and governance structures (26) . Formalization of reporting standards for CBPR methods would be beneficial for evaluator reviewers to glean whether a study used adhered to CBPR principles with AI and other communities.
Conclusion
Based on our findings, we have determined that although a CBPR orientation yields improved outcomes, we cannot conclude that scoring higher on Mercer's guidelines led to improved health outcomes. It should be noted, however, that nearly three-quarters of the studies reviewed scored higher than the mean of 2.72, meaning that the majority of studies reviewed exhibited a greater commitment to a CBPR research orientation. Researchers should implement and report process evaluation measures to assess, and better evaluate the impact of, adherence to guiding CBPR principles.
